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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates to a lens appara-
tus having an adjusting structure for correcting displace-
mentandinclination of the optical axis of an optical device
and relates to an optical apparatus including the lens
apparatus.

Description of the Related Art

[0002] In response to the recent need for an improve-
ment in the quality of zoom lens systems included in op-
tical apparatuses, such as interchangeable lens systems
for single-lens reflex cameras, an improvement in the
accuracy in maintaining lens units constituting the zoom
lens systems has been required. Accordingly, an optical
apparatus having an adjusting structure for adjusting the
displacement and inclination of the optical axis of a lens
unit caused by production errors has been proposed.
[0003] As a known optical apparatus, there is the lens
apparatus disclosed in Japanese Patent Laid-Open No.
2003-279822. This lens apparatus has at least three ad-
justing screws, whose height can be adjusted in the op-
tical axis direction, that are provided predetermined dis-
tances apart from each other. The lens apparatus in-
cludes a ring plate having notches for partially exposing
the heads of the adjusting screws, a lens supporting
frame attached to the inside of the lens barrel frame
through the ring plate, and a spring member that urges
the lens supporting frame toward the adjusting screws.
[0004] Atleast two eccentric screws that are disposed
in contact with the peripheral area of the lens supporting
frame with predetermined distances between each other
and an elastic member for receiving the movement of the
lens supporting frame caused by the rotation of the ec-
centric screws are provided on the inner periphery of the
lens barrel frame. A structure configured to adjust the
inclination of the lens by the adjusting screws and to ad-
just the axial center of the lens by the eccentric screws
is disclosed.

[0005] Another known lens apparatus is disclosed in
Japanese Patent Laid-Open No. 2000-206389. This lens
apparatus includes a first frame that holds a lens or a
lens barrel, a second frame that supports the first frame
by an elastic section, and a third frame that supports the
second frame by another elastic section. The lens appa-
ratus further includes two adjusting members that are
provided on the second frame while being in contact with
the first frame and that adjust the inclination of the optical
axis and the parallel movement of the optical axis. The
lens apparatus further includes two adjusting members
that are provided on the third frame while being in contact
with the second frame and that adjust the inclination of
the optical axis and the parallel movement of the optical
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axis, respectively.

[0006] A structure configured to adjust the inclination
and eccentricity by operating the adjusting members and
by using the deformation of the elastic sections is dis-
closed.

[0007] According to the apparatus disclosed in Japa-
nese Patent Laid-Open No. 2003-279822, adjusting
screws and eccentric screws are operated from the op-
tical axis direction. Therefore, when an adjusting opera-
tion is to be carried out while the apparatus is being ac-
tually used, jigs and the operator’s hands used for tight-
ening the adjusting screws and eccentric screws are eas-
ily captured in the image, and this may interfere with the
adjusting operation. Based on the structure of the appa-
ratus, it is possible to adjust the outermost lens units
among the lens units constituting the zoom lens system.
However, since it is difficult to adjust the lens units dis-
posed near the center among the lens units constituting
the zoom lens system, flexibility in the optical design is
reduced.

[0008] The apparatus disclosed in Japanese Patent
Laid-Open No. 2000-206389 allows adjusting members
that adjust the inclination of the optical axis and the par-
allel movement of optical axis can be operated in a di-
rection orthogonal to the optical axis. However, the ad-
justing members that adjust lenses at predetermined po-
sitions form an overlapping structure, causing an in-
crease in the size of the lens barrel.

[0009] JP 2005 070417 discloses a lens apparatus in
which a sliding-contact outer circumferential plane and
a radial-direction flange of a second lens frame are
brought into contact with each other so that a tilt adjusting
screw fixed on the second lens frame is moved along a
screw guide groove so as to adjust inclination of the sec-
ond lens frame.

SUMMARY OF THE INVENTION

[0010] The present invention provides a lens appara-
tus and an optical apparatus including the lens apparatus
that enable inclination and eccentricity adjustment of a
lens system to be effectively carried out in an accurate
manner and that allow the size of the apparatus to be
reduced.

[0011] The presentinvention inits first aspect provides
a lens apparatus as specified in claims 1 to 5.

[0012] The presentinvention in its second aspect pro-
vides a camera as specified in claim 6.

[0013] The present invention in its third aspect pro-
vides a camera system as specified in claim 7.

[0014] Furtherfeatures of the presentinvention will be-
come apparent from the following description of exem-
plary embodiments (with reference to the attached draw-

ings).
BRIEF DESCRIPTION OF THE DRAWINGS

[0015]
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Fig. 1 is a cross-sectional view of a lens barrel and
a camera according to a first embodiment of the
present invention.

Fig. 2 is a perspective view of a lens adjusting mech-
anism of the lens barrel according to the first embod-
iment of the present invention.

Fig. 3 is an exploded perspective view of a lens ad-
justing mechanism of the lens barrel according to
the first embodiment of the present invention.

Fig. 4 is a cross-sectional view of a lens barrel and
a camera according to a second embodiment of the
present invention.

Fig. 5 is a cross-sectional perspective view of the
main parts of the lens barrel according to the second
embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0016] Embodiments of the present invention will be
described below with reference to the drawings.

First Embodiment

[0017] Fig. 1 illustrates an interchangeable lens sys-
temthatis a lens apparatus according to thisembodiment
of the present invention and a camera including the in-
terchangeable lens system as an optical apparatus. In
the embodiments of the presentinvention, an optical ap-
paratus comprises a camera including the interchange-
able lens system or a camera with an integrated lens
system.

[0018] AsshowninFig.1,aninterchangeablelens sys-
tem 1 is a zoom lens system comprising five lens units,
i.e., first to fifth lens units L1 to L5. The third lens unit L3
includes subunits L3a and L3b. The fourth lens unit L4
includes subunits L4a and L4b. In the above-described
interchangeable lens system 1, all lens units L1 to L5
move in the optical axis direction during zooming, where-
as, the second lens unit L2 moves in the optical axis
direction during focusing. At this time, the third lens unit
L3 and the fifth lens unit L5 move together, and the sub-
unit L4a that is provided on the object side in the fourth
lens unitL4 moves, in addition to the optical axis direction,
in a direction orthogonal to the optical axis direction for
vibration correction.

[0019] A camera main body 100 includes an image
pickup element 100a, such as a CCD ora CMOS sensor.
[0020] A lens mount 101 includes a bayonet section
for attaching the camera main body 100, and is fixed with
screws to a fixed lens barrel 102.

[0021] Anexternalring 103 is interposed and fixed be-
tween the mount 101 and the fixed barrel 102. On the
externalring 103, a scale window 104, a name plate 105,
and an SW panel (not shown) are attached. By operating
a switch provided on the SW panel, functions such as
autofocus and vibration correction can be selected and
used.

[0022] A guiding barrel 106 is screwed onto the fixed
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barrel 102 so as to constitute a fixed section fixed to the
camera main body. A cam barrel 108 that is rotatable
around the optical axis by a roller 107 is engaged with
the outer periphery of the guiding barrel 106. Accordingly,
as the cam barrel 108 is rotated, the intersecting point of
a guiding groove provided on the guiding barrel 106 in
the optical axis direction and a cam groove provided on
the cam barrel 108 moves. As the intersecting point
moves, a subunit-L3b supporting frame 109 that holds
the subunit L3b provided on the image-plane side of the
third lens unit L3 can be moved in the optical axis direction
by a roller (not shown) fixed with a screw.

[0023] Similarly, a vibration correction unit 110 that
supports the fourth lens unit L4 and a linear barrel 111
can each be moved in the optical axis direction by rollers
(not shown) fixed thereto with screws.

[0024] An electromagnetic aperture unit 112 that in-
cludes an aperture driving unitand an aperture blade unit
is disposed on the subunit-L3b supporting frame 109 in
amanner such that the electromagnetic aperture unit 112
is interposed between the subunit-L3b supporting frame
109 and a subunit-L3a supporting frame 113 that holds
the subunit L3a provided on the object side of the third
lens unit L3. At the rear edge of an extending portion
109a of the subunit-L3b supporting frame 109 (shown in
Fig. 2), a fifth-lens-unit supporting frame 114 that sup-
ports the fifth lens unit L5 is supported by a fifth-lens-unit
supporting plate 115 screwed onto the subunit-L3b sup-
porting frame 109, first adjusting members 116, and sec-
ond adjusting members 117, which are described below.
[0025] A sub-aperture 118 that determines the diam-
eter of the aperture and that blocks harmful rays is elas-
tically joined to the front of the front edge of the subunit-
L3a supporting frame 113.

[0026] The vibration correction unit 110 supports the
subunit L4a in a manner such that the subunit L4a is
movable in a direction orthogonal to the optical axis. The
vibration correction unit 110 drives the subunit L4a with
a driving unit including a magnet and a coil. At the rear
edge, a subunit-L4b supporting frame 119 that supports
the subunit L4b provided on the image-plane side of the
fourth lens unit L4 is fixed with screws through a rein-
forcement plate 120. A filter frame 121 is screwed onto
the linear barrel 111.

[0027] On the outer periphery of the tip of the filter
frame 121, a bayonet section is provided, and on the
inner periphery of the tip of the filter frame 121, a screw
section is provided. Various accessories, such as a hood
and a filter, can be attached to these sections.

[0028] A first-lens-unit supporting frame 122 that sup-
ports the first lens unit L1 is screwed onto the filter frame
121. The contact areas of the filter frame 121 and the
first-lens-unit supporting frame 122 are provided as in-
clined surfaces extending in the circumferential direction.
Thus, as the first-lens-unit supporting frame 122 is rotat-
ed and attached to the filter frame 121, the attachment
position of the first-lens-unit supporting frame 122 on the
filter frame 121 in the optical axis direction can be select-
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ed. In this way, displacement of the focal positions on
the wide-angle side and the telephoto side due to pro-
duction errors can be corrected.

[0029] The name of the lens and so on are printed on
the front surface of a decorated ring 123. A focusing unit
124 is screwed onto the guiding barrel 106. The focusing
unit 124 is mainly constituted by a vibrating motor and a
differential mechanism. The focusing unit 124 outputs a
rotation amount of a focusing key 126 corresponding to
the rotation amount of the rotor of the vibrating motor and
the rotation amount of a manual ring 125.

[0030] A gyro substrate 128, to which a pair of vibrating
gyros 127 for detecting the angular rate of vibration in
the horizontal and vertical directions are soldered, is
screwed on the front side of the focusing unit 124.
[0031] An encoder flexible substrate 129 on which a
gray code pattern is formed is attached to the outer pe-
riphery of a protrusion extending in a circular manner
from the focusing unit 124.

[0032] A protrusion is provided on the front side of the
focusing unit 124 where the vibrating gyros 127 and the
encoder flexible substrate 129 are not provided. A roller
(not shown) is screwed onto the protrusion.

[0033] A zooming ring 130 can be rotated only around
the optical axis, while movement in the optical axis direc-
tion is blocked, by a roller (not shown) engaged with a
groove provided in the circumferential direction of the
zooming ring 130.

[0034] A depression that is engaged with a zoom key
(not shown) screwed onto the cam barrel 108 is formed
on the inner periphery of the zooming ring 130. In this
way, the cam barrel 108 can be rotated together with the
zooming ring 130 by the zoom key.

[0035] In the interchangeable lens system according
to this embodiment, the vibrating gyros 127 are disposed
at positions away from the camera main body (i.e., in
front of the focusing unit 124). In this way, the vibration
generated by the camera main body (i.e., vibration
caused by the shutter screen movement and the up and
down movement of a mirror) is not easily transmitted to
the vibrating gyros 127. Thus, known methods for storing
the interchangeable lens system into a case do not have
to be employed.

[0036] By providing an alignment portion in the optical
axis direction of the zooming ring 130 where the vibrating
gyros 127 are not provided, the vibrating gyros 127 can
be disposed without increasing the outer diameter of the
lens. By employing such a method, the size of the inter-
changeable lens system is reduced.

[0037] A zooming rubber 131 is wrapped around the
outer periphery of the zooming ring 130.

[0038] A zooming brush 132 that is screwed onto the
zooming ring 130 is used to detect the positional rela-
tionship between the zooming ring 130 and the encoder
flexible substrate 129 by sliding over the gray code pat-
tern of the encoder flexible substrate 129.

[0039] A roller (not shown) is screwed onto an inner
cam barrel 133. The roller engages with a cam groove
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formed in the guiding barrel 106 and a groove formed in
the cam barrel 108 in the optical axis direction. Therefore,
the inner cam barrel 133 rotates together with the cam
barrel 108 and moves forward or backward in the optical
axis direction.

[0040] In a send-lens-unit supporting frame 134 that
supports the second lens unit L2, a protrusion provided
on the outer periphery is engaged with a cam groove
formed in the inner periphery of the send-lens-unit sup-
porting frame 134. A key section extending from the send-
lens-unit supporting frame 134 is engaged with and ro-
tates together with the focusing key 126. Therefore, when
the cam barrel 108 is rotated (while the focusing key 126
is stopped), the send-lens-unit supporting frame 134
moves forward or backward in the optical axis direction
by an amount determined by adding the movement
amount of the inner cam barrel 133 in the forward or
backward direction in the optical direction and the amount
of change in the optical axis direction of the engagement
point as the cam groove of the inner cam barrel 133 ro-
tates.

[0041] When the focusing key 126 is rotated (while the
cam barrel 108 is stopped), the focusing key 126 moves
forward or backward while rotating depending on the
amount of change in the optical axis direction of the en-
gagement point of the cam groove of the inner cam barrel
133.

[0042] By using the above-described mechanism, the
interchangeable lens system according to this embodi-
ment mechanically corrects the displacement of the focal
position caused by a change in the focal length of the
inner focus, and moves the second lens unit L2 forward
or backward in the optical axis direction.

[0043] A scale sheet 135 rotates together with the fo-
cusing key 126 that is the output of the focusing unit 124
and displays the focal position together with the scale
window 104.

[0044] A main substrate 136 is directly or electrically
connected to the focusing unit 124, the electromagnetic
aperture unit 112, the vibration correction unit 110, the
gyro substrate 128, and the encoder flexible substrate
129 via a flexible substrate.

[0045] A contact block 137 is screwed onto the mount
101, and is connected to the main substrate 136 via the
flexible substrate, and is provided to carry out communi-
cation with the camera main body and to supply power.
A back cover 138 is elastically connected to the mount
101 and blocks harmful rays. A protective rubber ring 139
is elastically connected to the back cover 138.

[0046] With the interchangeable lens system having
the above-described structure, when the zooming ring
130isrotated, the cam barrel 108 rotates via the zooming
key, and, according to the above-described mechanism,
all lens units L1 to L5 move forward or backward in the
optical axis direction for zooming. At this time, the third
lens unit L3 and the fifth lens unit L5 move forward or
backward together. As the third lens unit L3 moves for-
ward or backward, the sub-aperture 118 opens or closes
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so as to determine the diameter of the aperture.

[0047] The focusing key 126 is rotated by driving the
vibrating motor for autofocus or by rotating the manual
ring 125 for manual focusing. In this way, according to
the above-described mechanism, the second lens unit
L2 moves forward or backward so as to carry out focus-
ing.

[0048] During vibration correction, the subunit L4a of
the vibration correction unit 110 is driven on a surface
orthogonal to the optical axis in a direction that cancels
outthe movementofthe image on the film surface caused
by the generated vibration in accordance with the output
of the vibrating gyros 127 and the output of the encoder
flexible substrate 129.

[0049] Next, the lens supporting structure that sup-
ports and connects the subunit L3b and the fifth lens unit
L5 will be described with reference to Figs. 2 and 3. Fig.
2 is a perspective view of the assembled main compo-
nents of an adjusting mechanism according to the first
embodiment of the present invention. Fig. 3 is a perspec-
tive view of the dissembled main components of an ad-
justing mechanism according to the first embodiment of
the present invention.

[0050] As described above, at the rear edge of the ex-
tending portion 109a of the subunit-L3b supporting frame
109, the fifth-lens-unit supporting plate 115 is fixed with
screws 139. On the fifth-lens-unit supporting plate 115,
the fifth-lens-unit supporting frame 114 supporting the
fifth lens unit L5 is held by the first adjusting members
116 and the second adjusting members 117.

[0051] Inthe fifth-lens-unit supporting plate 115, a met-
al base plate 115a is inserted, and parallel engaging por-
tions 115b and 115b that form long grooves parallel to
the optical axis, and circumferential engaging portions
115c that are long grooves extending in the peripheral
direction in a plane orthogonal to the optical axis, are
formed on resin material, such as polyacetal (POM), hav-
ing relatively great elasticity. The parallel engaging por-
tions 115b and 115b and the circumferential engaging
portions 115c¢ are provided at three positions, preferably
at equal angles apart from each other around the optical
axis. The parallel engaging portions 115b and 115b and
the circumferential engaging portions 115c at each of the
three positions are disposed adjacent to each other.
[0052] The first adjusting members 116 are disposed
on the outer periphery of the fifth-lens-unit supporting
frame 114 at three positions, preferably at equal angles
apart from each other around the optical axis.

[0053] Each of the first adjusting members 116 in-
cludes a cylindrical head portion 116a centered on an
axis that extends in the radial direction from the optical
axis and orthogonal to the optical axis and an eccentric
axial portion 116b that is centered on an axis that is de-
centered from the central axis of the head portion 116a.
[0054] The head portion 116a of the first adjusting
member 116 is press-fit into the space between the par-
allel engaging portions 115b and 115b (i.e., the long
groove parallel to the optical axis) in a rotatable manner.
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The head portion 116a of the first adjusting member 116
is press-fitinto the section between protrusions 114a and
114a provided on the outer periphery of the fifth-lens-unit
supporting frame 114 in a rotatable manner. The eccen-
tric axial portion 116b of the first adjusting members 116
is press-fit into a groove section 114b that extends in the
optical axis direction and that is provided on the outer
periphery of the fifth-lens-unit supporting frame 114 in a
rotatable manner.

[0055] The above-described eccentric axial portion
116b is provided on at least two of the three first adjusting
members 116, and the remaining first adjusting members
116 may include an axial portion that is not eccentric.
[0056] According tothe above-described structure, the
position of the fifth-lens-unit supporting frame 114 is re-
stricted on the plane orthogonal to the optical axis by the
firstadjusting members 116. The first adjusting members
116 can be rotated around the radial direction centered
on the optical axis.

[0057] The second adjusting members 117 are provid-
ed on the outer periphery of the fifth-lens-unit supporting
frame 114 at three positions, preferably at equal angles
apart from each other around the optical axis and adja-
cent to the first adjusting members 116.

[0058] Each of the second adjusting members 117 is
rotatably supported on the plug 114 by press-fitting a
rotational axis section 117a that is centered on an axis
extending in the radial direction from the optical axis into
a hole 114c formed on the outer periphery of the fifth-
lens-unit supporting frame 114.

[0059] The second adjusting member 117 includes an
axial section 117a and an eccentric head portion 117b
having an eccentric axis. The eccentric head portion
117b is engaged with engaging portions (long grooves)
115c provided on the fifth-lens-unit supporting plate 115.
[0060] The above-described eccentric head portion
117b is provided on at least two of the three second ad-
justing members 117, and the remaining second adjust-
ing member 117 may include an axial portion that is not
eccentric.

[0061] According tothe above-described structure, the
position of the fifth-lens-unit supporting frame 114 is re-
stricted on the plane orthogonal to the optical axis by the
second adjusting members 117. The second adjusting
members 117 can be rotated around the radial direction
centered on the optical axis.

[0062] Next, the adjusting operation of the first adjust-
ing members 116 and the second adjusting members
117 will be described. As described above, the first ad-
justing members 116 and the second adjusting members
117 are rotatably supported around an axis extending in
the radial direction from the optical axis.

[0063] First, the eccentric adjustment of the fifth-lens-
unit supporting frame 114 (fifth lens unit L5) will be de-
scribed. The head portions 116a of the first adjusting
members 116 are rotated. In this way, while the position
of the fifth-lens-unit supporting frame 114 is restricted in
the optical axis direction by the second adjusting mem-
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bers 117 and the circumferential engaging portions (long
grooves) 115c, the fifth-lens-unit supporting frame 114
moves on a plane orthogonal to the optical axis by the
mutual operation of the eccentric axial portions 116b and
the groove sections 114b. In other words, by each of the
head portions 116a rotating between the parallel engag-
ing portions 115b and 115b, the eccentric axial portion
116b eccentrically rotates and pushes the groove sec-
tions 114b parallel to the optical axis (i.e., the groove
sections 114b move in the circumferential direction).
Therefore, the fifth-lens-unit supporting frame 114 ro-
tates (moves) in the circumferential direction. At this time,
the protrusions 114a and 114a also move in the circum-
ferential direction together with the groove sections 114b.
[0064] By rotating at least two of the first adjusting
members 116, the fifth-lens-unit supporting frame 114
can be moved to any position on the plane orthogonal to
the optical axis. Since such an eccentricity adjustment is
carried out by rotating the first adjusting members 116,
force is generated in the optical axis direction with respect
to the fifth-lens-unit supporting frame 114. Since the first
adjusting members 116 and the second adjusting mem-
bers 117 are disposed adjacent to each other, the force
in the optical axis direction can minimize the change in
inclination of the fifth-lens-unit supporting frame 114 by
the restriction of the second adjusting members 117 and
the circumferential engaging portions 115c¢ in the optical
axis direction.

[0065] Next,inclination adjustment of the fifth-lens-unit
supporting frame 114 (fifth lens unit L5) will be described.
The eccentrichead portions 117b of the second adjusting
members 117 are rotated. In this way, the inclination an-
gle of the fifth-lens-unit supporting frame 114 gradually
changes in accordance with the amount of eccentricity
of the rotational axis sections 117a and the eccentric
head portions 117b. The position of the fifth-lens-unit
supporting frame 114 is restricted in a direction orthog-
onal to the optical axis by the first adjusting members
116 and the parallel engaging portions 115b and 115b.
By operating atleasttwo second adjusting members 117,
the fifth-lens-unit supporting frame 114 (fifth lens unit L5)
is adjusted to any inclination angle and any inclination
direction. Since such an inclination adjustment is carried
out by rotating the second adjusting members 117, force
is generated in the circumferential direction with respect
to the fifth-lens-unit supporting frame 114. Since the first
adjusting members 116 and the second adjusting mem-
bers 117 are disposed adjacent to each other, the change
in the position of the fifth-lens-unit supporting frame 114
in the circumferential direction can be minimized.
[0066] Finally, adjustment carried out by the entire sys-
tem of the first to fifth lens units L1 to L5 will be described.
Before assembling the mount 101, the fixed barrel 102,
the external ring 103, the focusing unit 124, the manual
ring 125, the main substrate 136, and the components
fixed thereto among the components illustrated in Fig. 1,
the guiding barrel 106 is fixed to an adjusting jig (not
shown). In this state, the position (eccentricity adjust-
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ment) in a direction orthogonal to the optical axis and the
inclination of the fifth-lens-unit supporting frame 114 sup-
porting the fifth lens unit L5 are adjusted with respect to
the fifth-lens-unit supporting plate 115 screwed onto the
rear edge of the extending portion 109a of the subunit-
L3b supporting frame 109 supporting the subunit L3b.
[0067] In this way, degradation in the optical perform-
ance caused by production errors of the first to fifth lens
units L1 to L5 and the components supporting thereof is
corrected, and desired optical performance can be
achieved. In such a case, more than three adjusting
members may be employed for both eccentricity and in-
clination adjustment, and they need not be located at
equal angles from one another.

Second Embodiment

[0068] Fig. 4 illustrates a camera including an inter-
changeable lens system that is a lens apparatus accord-
ing to a second embodiment of the present invention and
an interchangeable lens system that is an optical appa-
ratus. Fig. 5 is an enlarged cross-sectional perspective
view of the main components shown in Fig. 4. The second
embodiment will be described with reference to Figs. 4
and 5.

[0069] The interchangeable lens system includes sev-
en lens units, i.e., first to seventh lens units L1 to L7. For
zooming, the third lens unit L3 and the fourth lens unit
L4 move in the optical axis direction, whereas, for focus-
ing, the second lens unit L2 moves in the optical axis
direction. The sixth lens unit L6 moves in a direction or-
thogonal to the optical axis so as to carry out vibration
correction.

[0070] Next, the components included in the adjusting
mechanism according to this embodiment of the present
invention will be described. On the outer periphery of a
fifth-lens-unit supporting frame 140 that supports the fifth
lens unit L5, eccentric rollers 141 that are first adjusting
members for eccentricity adjustment are provided. Ec-
centric rollers 142 that are second adjusting members
for inclination adjustment are also provided. The eccen-
tric rollers 141 and the eccentric rollers 142 are provided
at three positions, preferably at equal angles apart from
each other around the optical axis and are fixed by screws
in a rotatable manner around an axis extending in the
radial direction of the optical axis. The eccentric rollers
141 and the eccentric rollers 142 can be rotated around
the radial direction with respect to the optical axis and
are disposed adjacent to each other in the optical direc-
tion.

[0071] A fixed barrel 143 is an intermediate barrel dis-
posed on the outer periphery of the fifth-lens-unit sup-
porting frame 140. On the fixed barrel 143, parallel en-
gaging portions 143a and 143a that form long grooves
parallel to the optical axis and circumferential engaging
portions 143b that are long grooves extending in the pe-
ripheral direction in a plane orthogonal to the optical axis
are provided at three positions equal angles apart from
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each other around the optical axis and adjacent to each
other in the optical axis direction. According to the first
embodiment, the parallel engaging portions and the cir-
cumferential engaging portions are provided adjacent to
each otherin the circumferential direction of the fifth-lens-
unit supporting frame. However, according to the second
embodiment, the parallel engaging portions and the cir-
cumferential engaging portions are provided adjacent to
each other in the optical axis direction.

[0072] Each ofthe eccentricrollers 141 and the eccen-
tric rollers 142 includes a cylindrical portion (eccentric
head portion) having an axis decentered from the rota-
tional axis. The eccentric cylindrical portion of the eccen-
tric roller 141 is press-fit into the section between the
engaging portions (longitudinal grooves) 143a and 143a
in a rotatable manner. The eccentric cylindrical portion
of the eccentric roller 142 is press-fit into the circumfer-
ential engaging portion (long groove) 143b in a rotatable
manner.

[0073] According tothe above-described structure, ec-
centricity adjustmentis carried out by the eccentricrollers
141 and the engaging portions (longitudinal grooves)
143a and 143a, and inclination adjustment is carried out
by the eccentric rollers 142 and the engaging portions
(long grooves) 143b. In this way the same functions and
advantages as those according to the first embodiment
are achieved.

[0074] On the outer periphery of the fixed barrel 143,
a zooming ring 144 is supported in a rotatable manner
by a bayonet while the movement of the zooming ring
144 in the optical axis direction is restricted.

[0075] A zooming rubber 145 is wrapped around the
outer periphery of the zooming ring 144. Holes 144a are
formed in the zooming ring 144 so that the eccentric roll-
ers 141 and 142 are exposed when the zooming rubber
145 is removed. Through the holes 144a, the eccentric
rollers 141 and 142 can be rotated around the radial di-
rection with respect to the optical axis.

[0076] In this way, degradation in the optical perform-
ance caused by production errors of the first to seventh
lens units L1 to L7 and the components supporting there-
of can be corrected without dissembling the lens barrel
and by removing only the zooming rubber 145. Accord-
ingly, desired optical performance can be achieved. In
such a case, more than three adjusting members may
be employed for both eccentricity and inclination adjust-
ment, and they need not be located at equal angles from
one another.

[0077] According to the embodiments of the present
invention, the adjustment of inclination and eccentricity
of a lens system can be carried out effectively in an ac-
curate manner. Moreover, the size of the apparatus can
be reduced.

[0078] While the presentinvention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. In particular, more than three
adjusting members may be employed for both eccentric-
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ity and inclination adjustment, and they need not be lo-
cated at equal angles from one another.

Claims
1. Alens apparatus (1) comprising:

a lens supporting member (114) configured to
support an optical element;

a supporting member (115) configured to sup-
port the lens supporting member (114);
wherein the supporting member (115) includes
parallel engaging portions (115b) parallel to an
optical axis direction, and circumferential en-
gaging portions (115c) extending in the circum-
ferential direction on a plane orthogonal to the
optical axis direction, wherein the parallel en-
gaging portions (115b) are distinct from the cir-
cumferential engaging portions (115c),
wherein the lens apparatus further comprises:

an eccentricity adjusting mechanism (116)
including first adjusting members engaged
on the parallel engaging portions (115b) of
the supporting member on the outer periph-
ery of the lens supporting member (114) in
a rotatable manner around an axis orthog-
onal to the optical axis, wherein the position
of the lens supporting member (114) is re-
stricted on the plane orthogonal to the opti-
cal axis by engaging the first adjusting mem-
bers (116) with the parallel engaging por-
tions (115b); and

an inclination adjusting mechanism (117);

wherein said inclination adjusting mecha-
nism (117) includes second adjusting mem-
bers (117) distinct from the first adjusting
members (116), engaged on the circumfer-
ential engaging portions (115c) of the sup-
porting member on the outer periphery of
the lens supporting member (114) in a ro-
tatable manner around an axis orthogonal
to the optical axis, wherein the position of
the lens supporting member (114) is re-
stricted in the optical axis direction by en-
gaging the second adjusting members
(117) to the circumferential engaging por-
tions (115c¢), and

characterized in that

the first adjusting members (116) and the
second adjusting members (117) are dis-
posed at three or more places around the
optical axis, and at least two of the first ad-
justing members (116) and at least two of
the second adjusting members (117) are
eccentric members including a cylindrical
portion (116b, 117b) decentered with re-
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spect to the axis so that the lens supporting
member (114) is moved on the plane or-
thogonal to the optical axis by the rotation
of the eccentric members among the first
adjusting members (116) and the lens sup-
porting member (114) is adjusted with re-
spect to inclination angle and inclination di-
rection by the operation of the eccentric
members among the second adjusting
members (117),

wherein the movement of the lens support-
ing member (114) in the optical axis direc-
tion is restricted by the inclination adjusting
mechanism during an eccentricity adjust-
ment operation, and the movement of the
lens supporting member (114) on a plane
orthogonal to the optical axis is restricted
by the eccentricity adjusting mechanism
during an inclination adjustment operation
and in that the head portion (116a) of each
of the first adjusting members (116) is
press-fitinto a space between afirst parallel
engaging portion and a second parallel en-
gaging portion among the parallel engaging
portions (115b).

The lens apparatus according to Claim 1, wherein,
the first adjusting members (116)and the second ad-
justing members (117) are disposed at positions
around the optical axis at substantially equal angles
apart from each other.

The lens apparatus according to claim 1 or claim 2,
wherein the first adjusting members (116) and the
second adjusting members (117) are disposed ad-
jacent to one another.

The lens apparatus according to any preceding
claim, wherein the first adjusting members (116) and
the second adjusting members(117) are operatable
from the outer periphery of a lens barrel (102).

The lens apparatus according to any preceding
claim, wherein the supporting member (115) sup-
ports an optical element.

A camera (100) comprising:

alens apparatus (1) according to any preceding
claim; and

an image pickup element (100a) configured to
receive light from the lens apparatus.

A camera system comprising:
alens apparatus (1) according to any preceding

claim; and
a camera main body (100) on which the lens
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apparatus is removably attached,

wherein the camera main body includes an im-
age pickup element (100a) configured toreceive
light from the lens apparatus.

Patentanspriiche

Objektiv (1), umfassend:

ein Linsentragerelement (114), das konfiguriert
ist, ein optisches Element zu tragen;

ein Tragerelement (115), das konfiguriert ist,
das Linsentragerelement (114) zu tragen;
wobei das Tragerelement (115) Parallelein-
griffsabschnitte (115b) parallel zu einer Rich-
tung einer optischen Achse beinhaltet sowie
Umfangseingriffsabschnitte (115c) beinhaltet,
die sich auf einer Ebene senkrecht zur Richtung
der optischen Achse in der Umfangsrichtung er-
strecken, wobei die Paralleleingriffsabschnitte
(115b) von den Umfangseingriffsabschnitten
(115c) verschieden sind,

wobei die Linsenvorrichtung ferner umfasst:

einen Exzentritatsanpassungsmechanis-
mus (116) mit ersten Anpassungselemen-
ten, die in die Paralleleingriffsabschnitte
(115b) des Tragerelements auf dem Au-
Renrand des Linsentragerelements (114)in
einer drehbaren Weise um eine zur opti-
schen Achse senkrechte Achse greifen, wo-
bei die Position des Linsentragerelements
(114) auf der Ebene senkrecht zur opti-
schen Achse durch das Eingreifen der ers-
ten Anpassungselemente (116) in die Par-
alleleingriffsabschnitte (115b) beschrankt
ist; und

einen Neigungsanpassungsmechanismus
(117);

wobei der Neigungsanpassungsmechanis-
mus (117) von den ersten Anpassungsele-
menten (116) verschiedene zweite Anpas-
sungselemente (117) beinhaltet, die in die
Umfangseingriffsabschnitte (115c) des Tra-
gerelements auf dem Aufenrand des Lin-
sentragerelements (114)in einerdrehbaren
Weise um eine zur optischen Achse senk-
rechte Achse greifen, wobei die Position
des Linsentragerelements (114) in der
Richtung der optischen Achse durch das
Eingreifen der zweiten Anpassungsele-
mente (117) in die Umfangseingriffsab-
schnitte (115c) beschrankt ist, und
dadurch gekennzeichnet, dass die ersten
Anpassungselemente (116) und die zwei-
ten Anpassungselemente (117) an drei
oder mehr Stellen um die optische Achse
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angeordnet sind, und mindestens zwei der
ersten Anpassungselemente (116) und
mindestens zwei der zweiten Anpassungs-
elemente (117) exzentrische Elemente mit
einem hinsichtlich der Achse dezentrierten
zylindrischen Abschnitt (116b, 117b) sind,
sodass das Linsentragerelement (114)
durch die Drehung der exzentrischen Ele-
mente unter den ersten Anpassungsele-
menten (116) auf der zur optischen Achse
senkrechten Ebene bewegt wird und das
Linsentragerelement (114) hinsichtlich Nei-
gungswinkel und Neigungsrichtung durch
die Bedienung der exzentrischen Elemente
unter den zweiten Anpassungselementen
(117) angepasst wird,

wobei wahrend eines Exzentritdtsanpas-
sungsvorgangs die Bewegung des Linsen-
tragerelements (114) in der Richtung der
optischen Achse durch den Neigungsan-
passungsmechanismus beschranktist, und
wahrend eines Neigungsanpassungsvor-
gangs die Bewegung des Linsentragerele-
ments (114) auf einer zur optischen Achse
senkrechten Ebene durch den Exzentritats-
anpassungsmechanismus beschrankt ist,
und dadurch dass der Kopfabschnitt (116a)
eines jeweiligen der ersten Anpassungse-
lemente (116) in einen Raum zwischen ei-
nem ersten Paralleleingriffsabschnitt und
einem zweiten Paralleleingriffsabschnitt
unter den Paralleleingriffsabschnitten
(115b) eingepresst ist.

Objektiv nach Anspruch 1, wobei die ersten Anpas-
sungselemente (116) und die zweiten Anpassungs-
elemente (117)an Positionen um die optische Achse
in im Wesentlichen gleichen Winkeln voneinander
beabstandet angeordnet sind.

Objektiv nach Anspruch 1 oder Anspruch 2, wobei
die ersten Anpassungselemente (116) und die zwei-
ten Anpassungselemente (117) zueinander benach-
bart angeordnet sind.

Objektiv nach einem der vorhergehenden Anspri-
che, wobei die ersten Anpassungselemente (116)
und die zweiten Anpassungselemente (117) von ei-
nem Aulenrand eines Objektivtubus (102) aus be-
dienbar sind.

Objektiv nach einem der vorhergehenden Anspri-
che, wobei das Tragerelement (115) ein optisches
Element tragt.

Kamera (100), umfassend:

ein Objektiv (1) nach einem der vorhergehenden
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Anspriiche; und
ein Bildaufnahmeelement (100a), das konfigu-
riert ist, Licht vom Objektiv zu empfangen.

Kamerasystem, umfassend:

ein Objektiv (1) nach einem der vorhergehenden
Anspriche; und

einen Kamerahauptkdrper (100), an welchem
das Objektiv entfernbar angebracht ist,

wobei der Kamerahauptkorper ein Bildaufnah-
meelement (100a) beinhaltet, das konfiguriert
ist, Licht vom Objektiv zu empfangen.

Revendications

Appareil objectif (1), comprenant :

un élément de supportde lentille (114) configuré
pour supporter un élément optique ;

un élément de support (115) configuré pour sup-
porter I'élément de support de lentille (114) ;
dans lequel I'élément de support (115) com-
prend des parties d’engagement paralléles
(115b) paralléles a une direction d’axe optique,
et des parties d’engagement circonférentielles
(115c) s’étendant dans la direction circonféren-
tielle sur un plan orthogonal a la direction d’axe
optique, ou les parties d’engagement paralléles
(115b) sontdistinctes des parties d’engagement
circonférentielles (115c),

dans lequel l'appareil objectif comprend en
outre :

un mécanisme de réglage d’excentricité
(116) comprenant des premiers éléments
de réglage en prise avec les parties d’en-
gagement paralleles (115b) de I'élément de
support sur la périphérie extérieure de I'élé-
ment de support de lentille (114) d’'une ma-
niére mobile en rotation autour d’'un axe or-
thogonal a I'axe optique, ou la position de
I'élément de support de lentille (114) est li-
mitée sur le plan orthogonal a I'axe optique
par une prise des premiers éléments de ré-
glage (116) avec les parties d’engagement
paralléles (115b) ; et

un mécanisme de réglage d’inclinaison
(117);

dans lequel ledit mécanisme de réglage
d’inclinaison (117) comprend des seconds
éléments deréglage (117)distincts des pre-
miers éléments de réglage (116), en prise
avec les parties d’engagement circonféren-
tielles (115c) de I'élément de support sur la
périphérie extérieure de I'élément de sup-
port de lentille (114) d’'une maniere mobile
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en rotation autour d’'un axe orthogonal a
I'axe optique, ou la position de I'élément de
support de lentille (114) est limitée dans la
direction d’axe optique par une prise des
seconds éléments de réglage (117) avec
les parties d’engagement circonférentielles
(115c), et

caractérisé en ce que

les premiers éléments de réglage (116) et
les seconds éléments de réglage (117) sont
disposés au niveau de trois ou plus de trois
emplacements autour de I'axe optique, et
au moins deux des premiers éléments de
réglage (116)etaumoins deuxdes seconds
éléments de réglage (117) sont des élé-
ments excentrés comprenant une partie cy-
lindrique (116b, 117b) décentrée par rap-
port a I'axe de rotation de fagon a déplacer
I'élément de support de lentille (114) sur le
plan orthogonal a I'axe optique par la rota-
tion des éléments excentrés entre les pre-
miers éléments de réglage (116) et a régler
I'élément de support de lentille (114) par
rapport a un angle d’inclinaison et a une di-
rection d’inclinaison par la mise en ceuvre
des éléments excentrés entre les seconds
éléments de réglage (117),

dans lequel le déplacement de I'élément de
support de lentille (114) dans la direction
d’axe optique est limité par le mécanisme
de réglage d’inclinaison pendant une opé-
ration de réglage d’excentricité, et le dépla-
cement de I'élément de support de lentille
(114) sur un plan orthogonal a I'axe optique
estlimité par le mécanisme de réglage d’ex-
centricité pendant une opération de réglage
d’inclinaison, et en ce que la partie avant
(116a) de chacun des premiers éléments
de réglage est introduite a force dans un
espace séparant une premiére partie d’en-
gagement paralléle et une seconde partie
d’engagement paralléle parmi les parties
d’engagement paralléles.

Appareil objectif selon la revendication 1, dans le-
quel,

les premiers éléments de réglage (116) et les se-
conds éléments de réglage (117) sont disposés, es-
pacés les uns des autres, au niveau de positions
autour de I'axe optique a des angles sensiblement
égaux.

Appareil objectif selon la revendication 1 ou la re-
vendication 2, dans lequel les premiers éléments de
réglage (116) et les seconds éléments de réglage
(117) sont disposés adjacents les uns aux autres.

Appareil objectif selon 'une quelconque des reven-
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10

dications précédentes, dans lequel les premiers élé-
ments de réglage (116) et les seconds éléments de
réglage (117) peuvent étre mis en ceuvre a partir de
la périphérie extérieure d’un barillet d’objectif (102).

Appareil objectif selon 'une quelconque des reven-
dications précédentes, dans lequel I'élément de sup-
port supporte un élément optique.

Appareil de prise de vue (100), comprenant :

un appareil objectif (1) selon I'une quelconque
des revendications précédentes ; et

un élément de prise d’image (100a) configuré
pour recevoir de la lumiere de I'appareil objectif.

Systeme d’appareil de prise de vue, comprenant :

un appareil objectif (1) selon I'une quelconque
des revendications précédentes ; et

un corps principal (100) d’appareil de prise de
vue sur lequel peut étre fixé amovible I'appareil
objectif,

dans lequel le corps principal d’appareil de prise
de vue comprend un élément de prise d’'image
(100a) configuré pour recevoir de la lumiere de
I'appareil objectif.
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FIG. 5
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